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Materials and methods
Plant materials
Seeds from two winter wheat genotypes, Yangmai-5 (Al-sensitive) and Xi Aimai-1 (Al-tolerant), were used in this study. The seeds were surface sterilized with 1% NaClO for 20 min and rinsed in distilled water overnight. After germination in the dark for 12 h at 25°C, the seeds were transplanted to plastic screens floating on 0.5 mM CaCl 2 solution (pH 4.3 ± 0.1) in a growth chamber under a 12 h/25°C day and 12 h/22°C night regime, a light intensity of 300 μmol m , and a relative humidity of 70%. The solutions were renewed daily. The seedlings were exposed to the various treatments when the average root length was about 45 mm. After that, the roots at selected time points after treatment were washed with distilled water several times and the root apexes (~10 mm) were excised for further analysis. Each experiment was repeated at least three times. Elongation of the primary root was measured with a ruler before and after treatment. Relative root elongation (RRE) was defined as the percentage root elongation in the treated solutions compared to those in the control solution.
Al content determination in root tips
For Al content determination in root tips, excised root tips were directly suspended in 
Determination of polyamines by high performance liquid chromatography (HPLC)
The concentrations of free polyamines were estimated following the methods described by Flores and Galston 2 with slight modifications. Briefly, root apexes were homogenized in 5% cold perchloric acid (PCA), and incubated on ice for 1 h, and 5 then centrifuged at 12,000g for 20 min at 4°C. The pellet was extracted twice with 5% PCA. Then, the supernatants were collected and derivatized using the benzoylation method. A 150 μL aliquot of PCA extracts was mixed with 1 mL of 2 M NaOH, followed by addition of 10 μL benzoyl chloride, vortexing for 20 s, and incubation for 25 min at 37°C. Then, 2 mL of saturated NaCl was added immediately to stop the reaction. Benzoyl polyamine derivatives were extracted with 2 mL of diethyl ether.
After centrifugation at 1500g for 5 min, 1 mL of the ether phase was collected, evaporated to dryness, and dissolved in 200 μL of methanol. After filteration through 0.25 μm nylon membranes, 10 μL of the methanol solution of benzoyl polyamines was analyzed using a HPLC system (Agilent 1200, USA) and UV detector under the following conditions: 4.6 mm × 150 mm Elipse XDB-C18 reverse-phase column (Agilent, USA); particle size, 5 μm; column temperature, 30°C; mobile phase, 65% methanol; flow rate, 0.6 mL min 
